Abstract. Since the concrete strength around the reinforcement rebar affects the tension stiffening, the tension stiffening effect of ultra high performance concrete on the concrete members reinforced by steel rebar is examined by testing the specimens with circular cross section with the length 850 mm reinforced by a steel rebar at the center of a specimen's cross section in this research. Conducting a tensile test on the specimens, the cracking behavior is evaluated and a curve with an exponential descending branch is obtained to explain the post-cracking zone. In addition, this paper proposes an equation for this branch and parameters of equation is obtained based on the ratio of cover thickness to rebar diameter (c/d) and reinforcement percentage (ρ).
Introduction
As a basic feature, tension stiffening focuses on the behavior of the reinforced concrete members under tension. Consider a reinforced concrete member which made by a reinforcement rebar surrounded by a concrete cylinder. The tension force exerts on the two ends of the rebar. Due to the bond between the concrete and rebar in their interface, the strains and stresses of the concrete cylinder increase with increasing force and crack occurs at a certain level of force where strains meet the cracking criterion. Creation of crack in the member results in the redistribution of internal strains and stresses in the member and the stiffness of the reinforced concrete member also changes. The increase of loading can produce more cracks in certain positions. For a reinforced concrete member, the process of loading increase occurs until the reinforcement rebar yields at one of two ends or the cracking cross section. Emergence of cracks in the concrete cylinder surrounding the reinforcement rebar affect on the stiffness and the behavior of the reinforced concrete member. This effect is called "tension stiffening" (Soltan Mohammadi 2010) . CEB-FIB (1993) and fib codes (1999a) propose similar stiffening models. In the model proposed by fib code (1999a), the force-strain relation of a concrete member reinforced by steel is Fig. 1 Force-strain relation of a reinforced concrete member under tension used (see Fig. 1 ).
In past, many researches are conducted on the tension stiffening effect of the concrete reinforced by steel and the concrete with normal strength of these members is considerable. Seong reinforced concrete elements subjected to uniaxial enables the calculation of average tensile stresses in concrete, after yielding of reinforcement. proposed model makes it possible to accurately calculate reinforcement stresses at crack locations and, thus, average strain conditions which result in rupture of reinforcement. Th realistic predictions of the uniaxial, flexural, and shear ductility of reinforced concrete members. The tension stiffening effect of chemically pre experimentally investigated and compared with those of reinforced concrete (RC) by Raktipong Sahamitmongkol and Toshiharu Kishi (2010) . The results of their study show that the CPC has superior tension stiffening than RC an underestimates the tension stiffening of CPC. In addition, the number of cracks in CPC is less than in RC at the same load and the bond of CPC near loading and is higher than that of RC, although the average bond is almost same. approach combining nonlinear numerical analysis and global experimental response to develop the tension stiffening model parameters needed to simulate homogenized concrete behav The results of this study provided reinforced whit steel and fiber (2002) used the results of seven groups of resear tensile stiffness of the reinforcement rebars confined in reinforced concrete by considering parameters including the cover thickness, spacing between cracks, rebars size, tension stiffening of bare rebar and the softening effect of concrete. The studies of Ebead and Marzouk (2005) led to the presentation of a tension stiffening model for the concrete strengthened by FRP sheets to be used in the analysis of two-way slabs strengthened by FRP sheets. Stramandi (2008) presented a curve with an exponential descending branch to explain the post and in their Equation, the exponential decline parameter α is a function of the member yield ratio (ρ) and the ratio of steel to concrete mo specimens with the length 500 mm and the strength 26 MPa, Shayanfar resulting tensile strength curve, into four regions for the member and presented Equations for any region of the curve. Regarding the bond
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strain relation of a reinforced concrete member under tension (CEB- In past, many researches are conducted on the tension stiffening effect of the concrete reinforced by steel and the concrete with normal strength. their results show that tension of these members is considerable. Seong et al. (2011) presented a tension stiffening model reinforced concrete elements subjected to uniaxial tension, shear or flexure the proposed model enables the calculation of average tensile stresses in concrete, after yielding of reinforcement. proposed model makes it possible to accurately calculate reinforcement stresses at crack locations average strain conditions which result in rupture of reinforcement. Th realistic predictions of the uniaxial, flexural, and shear ductility of reinforced concrete members. The tension stiffening effect of chemically pre stressed concrete (CPC) under uniaxial tension was experimentally investigated and compared with those of reinforced concrete (RC) by Raktipong Sahamitmongkol and Toshiharu Kishi (2010) . The results of their study show that the CPC has superior tension stiffening than RC and the conventional model for RC substantially underestimates the tension stiffening of CPC. In addition, the number of cracks in CPC is less than in RC at the same load and the bond of CPC near loading and is higher than that of RC, although nd is almost same. Rim Nayal and Haydar A. Rasheed (2006) develop approach combining nonlinear numerical analysis and global experimental response to develop the model parameters needed to simulate homogenized concrete behav provided good model parameters to use in the case of concrete beams reinforced whit steel and fiber-reinforced polymer (FRP) bars. In a report, Elfgren and Noghabai (2002) used the results of seven groups of researchers on about 50 analyses and experiments on the tensile stiffness of the reinforcement rebars confined in reinforced concrete by considering parameters including the cover thickness, spacing between cracks, rebars size, tension stiffening of nd the softening effect of concrete. The studies of Ebead and Marzouk (2005) led to the presentation of a tension stiffening model for the concrete strengthened by FRP sheets to be way slabs strengthened by FRP sheets. Stramandinoli and La Rovere (2008) presented a curve with an exponential descending branch to explain the post Equation, the exponential decline parameter α is a function of the member yield ratio ) and the ratio of steel to concrete modulus of elasticity (n). Testing the reinforced concrete specimens with the length 500 mm and the strength 26 MPa, Shayanfar et al. (2007) divided the resulting tensile strength curve, into four regions for the member and presented Equations for any of the curve. Regarding the bond-slip and tension stiffening of the ordinary concrete with -FIP 1993).
In past, many researches are conducted on the tension stiffening effect of the concrete members their results show that tension stiffening . (2011) presented a tension stiffening model. In tension, shear or flexure the proposed model enables the calculation of average tensile stresses in concrete, after yielding of reinforcement. The proposed model makes it possible to accurately calculate reinforcement stresses at crack locations average strain conditions which result in rupture of reinforcement. This leads to more realistic predictions of the uniaxial, flexural, and shear ductility of reinforced concrete members.
(CPC) under uniaxial tension was experimentally investigated and compared with those of reinforced concrete (RC) by Raktipong Sahamitmongkol and Toshiharu Kishi (2010) . The results of their study show that the CPC has d the conventional model for RC substantially underestimates the tension stiffening of CPC. In addition, the number of cracks in CPC is less than in RC at the same load and the bond of CPC near loading and is higher than that of RC, although Rim Nayal and Haydar A. Rasheed (2006) developed an inverse approach combining nonlinear numerical analysis and global experimental response to develop the model parameters needed to simulate homogenized concrete behavior in tension. good model parameters to use in the case of concrete beams reinforced polymer (FRP) bars. In a report, Elfgren and Noghabai chers on about 50 analyses and experiments on the tensile stiffness of the reinforcement rebars confined in reinforced concrete by considering parameters including the cover thickness, spacing between cracks, rebars size, tension stiffening of nd the softening effect of concrete. The studies of Ebead and Marzouk (2005) led to the presentation of a tension stiffening model for the concrete strengthened by FRP sheets to be noli and La Rovere (2008) presented a curve with an exponential descending branch to explain the post-cracking zone Equation, the exponential decline parameter α is a function of the member yield ratio dulus of elasticity (n). Lee and Kim (2009) examined the effect of the compressive strengths 20, 60 and 80 MPa on tension stiffening and crack response of the specimens. Yazici (2007) studied effect of condition curing and mineral additives with high-volume on the mechanical properties of the various compounds of ultra high performance concrete. Graybeal and Tanesi (2007) emphasized that the largest size of sand particles which used in construction UHPC is between 0.15 to 0.6 mm. Since using ultra high performance concrete(UHPC) has attracted the attention of engineers due to its special features such as high compressive strength, low penetrability and resistance to frost cycles and also, because Less attention to the effect of tension stiffening for reinforced concrete members that UHPC are used to make them, In these research, doing a tensile test on the ultrahigh performance concrete specimens reinforced by steel rebars concrete, the tension stiffening effect is evaluated in the post-cracking stage by presenting an Equation.
2. Material properties, mixing process and preparation of specimens
Material properties
Ultra High Performance Concrete constituent materials are Portland cement, Silica fume, Quartz powder, Silica sand, superplasticizer and water.
The physical properties of the aggregates, used for this work, is descripted as follow:
• Quartz powder Quartz powder is an important material in Ultra High Performance Concrete. Average diameter of its particles is 0.01 mm. Quartz powder is a hard material that improves the properties of the matrix.
• Silica sand Sand particle size is limited to 0.8 mm, but not less than 0.15 mm. silica sand has advantages such as high hardness and easy access.
• Super Plasticizer (Since water-cement ratio is very low for the Ultra High Performance Concrete, carboxylatebased Plasticizers is used to provide concrete slump.)
Mixing process
Firstly, the dry materials mix together until a homogeneous mixture achieve .This can take several minutes. Then part of the water and half of the super plasticizer add to the mix. Mixing will continue until the materials completely combine. In the next step the remaining water and superplasticizer add to the mix. Since in this research, ultra high performance concrete is used, the mix design and mechanical properties of the concrete are obtained from the related experiments and are given in Tables 2-3 2.3 Preparation of specimens 12 specimens of ultra high performance concrete with steel reinforcement were prepared and tested. Any test specimen has a circular cross section, at the center of which there is a steel rebar as a reinforcement. The length of specimens is 850 mm and the reinforcement rebar is exposed as 150 mm from both sides to be anchored in the tensile test device (Fig. 12 ). Two diameters of 12 and 16 mm are used to examine the effect of rebar diameter and the diameters 65, 100 and 150 mm for the specimens are chosen to apply the effect of concrete cover thickness (c/d) and reinforcement ratio (ρ) on the specimens. Two types of steel rebars A2 and A3 are also used to apply the effect of reinforcement properties such as modulus of elasticity and strength on the concrete member's tension stiffening.
Concrete specimens are generally denoted by X-Y-M. Where X denotes the diameter of the concrete specimen, Y denotes the diameter of the reinforcement rebar and M denotes the type of reinforcement rebar. For example, 100-12-A2 shows a concrete specimen with the diameter 100 mm reinforced by a steel rebar with the diameter 12 mm and the type of A2 at the center. The detailed characteristics of the specimens are given in Table 1. For preparing the specimens, plastic cylindrical molds with the height 850 mm were first provided and the reinforcement rebar was placed at the center of the specimen's cross section using a suitable bench over which the molds were put, and the concrete was placed in the molds in three stages and for any stage, a vibrating table was used for proper compaction and removal of the concrete air.
Testing procedure
Specimens were preserved in vitro and after being processed for 28 days. tensile test was performed on them. In this test, the displacement speed of the tension jack is 0.7 mm/min. The displacement of the rebar and that of concrete are recorded with a good precision by four Those put above and below the specimen on the specimen is also recorded by a load cell with the capacity 200 kN and the precision 0.01 kN at any moment. Data set is also prepared to be analyzed by a data card installed on a computer (see Fig.  2 ). The specimens were photographed to record their behavior of cracks at different times to study the stages of crack propagation well
Test results

Stress-strain curve
Steel stress-strain curve
Tensile test was performed on several specimens of different rebars stress-strain curve is used for comparison. This rebars laboratory. Stress-strain curve and mechanical properties obtained presented in Fig. 3 and Table 4 .
According to the stress-strain curves of the rebars A2 and A3 obtained in the test, the displacement of the rebar and that of concrete are recorded with a good precision by four Those put above and below the specimen on the rebar and concrete. The force exerted on the specimen is also recorded by a load cell with the capacity 200 kN and the precision 0.01 kN at any moment. Data set is also prepared to be analyzed by a data card installed on a computer (see Fig. ens were photographed to record their behavior of cracks at different times to study the stages of crack propagation well strain curve Tensile test was performed on several specimens of different rebars in order that the resulting strain curve is used for comparison. This rebars used for making the specimens in the strain curve and mechanical properties obtained for rebars in the test are Fig. 3 rebar and concrete. The force exerted on the specimen is also recorded by a load cell with the capacity 200 kN and the precision 0.01 kN at any moment. Data set is also prepared to be analyzed by a data card installed on a computer (see Fig. ens were photographed to record their behavior of cracks at different times to study in order that the resulting used for making the specimens in the for rebars in the test are strain curves of the rebars A2 and A3 obtained in the test, the mechanical properties of both types of rebars are calculated A2 is 214.5 GPa and that of the rebar A3 is 219.5 GPa according to the curves (
Stress-strain curves of the
Tensile test was performed on all reinforced concrete specimens. The purpose of the test was to determine the changes of the tensile strength of the reinforced concrete member in terms of the mean strain of rebar compared to the single rebar strength and t to the tensile strength. Details of the test and notations of the specimens are presented in Table 1 .
Curve of variations of total tensile strength of specimen ( is shown in Figs he modulus of elasticity of the rebar 214.5 GPa and that of the rebar A3 is 219.5 GPa according to the curves (Fig. 3) .
Tensile test was performed on all reinforced concrete specimens. The purpose of the test was to determine the changes of the tensile strength of the reinforced concrete member in terms of the o obtain the concrete's contribution to the tensile strength. Details of the test and notations of the specimens are presented in Fig. 2 and in terms of the mean strain (ε sm ) curves show that the tensile stress curve of ultra high performance concrete specimens reinforced by the rebar A2
high performance concrete specimens reinforced by the rebar A3 strain-stress curve of a reinforced concrete member can be divided into three regions. The region (1) describes the member's elastic behavior from the beginning of loading to the beginning of the first crack. The region (2) shows the member's behavior from the first crack to the last crack. In this region, transverse cracks occur successively until the steady state is achieved. As it is also observed in the figures, the concrete's contribution significantly decreases after the first crack due to the occurrence of subsequent cracks to the final cracking point. The region (3) describes the member's behavior after the crack until the steel yields. The comparison of the curves in Figs. 4-5 shows that the difference of the specimens' response is related to the steel content of the specimen's section and the rebar concrete cover thickness. For the specimens 150-16-A3, 150-16-A2, 150-12-A3 and 150-12-A2 whose steel content is low, the concrete's contribution to the specimen's total strength is significant compared the steel contribution. However, for specimens 65-16-A3, 65-16-A2, 65-12-A3 and 65-12-A2 whose steel content is high, the concrete's contribution to the tensile strength is negligible and steel has the highest contribution, so that the curve of the total strength changes of the reinforced concrete specimen is close to the single steel strength curve for these specimens.
Another point about Figs. 4-5 is that after the first crack occurred, the higher steel content makes later cracks occur more quickly and cracking reaches the crack stability point in lower mean strain. Also, specimens with a high steel content reach the yield point in a strain close to the bare steel yield strain, while specimens with a low steel content reach the yield point in a strain less than the bare steel yield strain due to the concrete's significant contribution and higher bond strength.
The comparison of the curves in Figs. 4-5 shows that for similar specimens, the change in rebar type from A2 to A3 has decreased the concrete's contribution to the specimen's total strength due to the higher strength and modulus of elasticity of the rebar A3.
tensile strain-stress curves of concrete's contribution
If the total tensile force exerted on the specimen is denoted by T, the following equilibrium Equation holds for any section
In the Equation above, F s is the mean tensile force of the rebar's contribution that is obtained from the following Equation
ε sm is the rebar's mean strain of the reinforced concrete specimen that is determined during the test for any exerted force T. A s and E s are the cross section and modulus of elasticity of the rebar, respectively. The mean tensile force of the concrete's contribution is obtained from the Eq. (3).
The mean tensile stress of the concrete is determined by the following Equation for the reinforced concrete specimen The curves show that the concrete's effective tensile strength has a linear elastic behavior before cracking. But after cracking, it has a descending branch that is call stiffening". At first, the descending branch has a steep slope due successive transverse cracks, but after reaching the steady state, it has a mild slope. Subsequently, the steel stress reaches the yield point in the crack cracking behavior of UHPC on the concrete members reinforced by steel rebar Fig. 6 The curve of the changes of the concrete's mean tensile stress versus the mean strain of the rebar A2 Fig. 7 The curve of the changes of the concrete's mean tensile stress versus the mean strain of the rebar A2 is the concrete's net cross section (A c =A g -A s ). , the changes of the concrete's mean tensile stress are obtained in terms of the The application of the Equation is very important for nonlinear analysis of reinforced concrete structures by finite element method taking the smeared crack model into account. Using the Equation, a tension stiffening model can be obtained for the stress of a reinforced concrete element that matches the actual behavior. The curve of the changes of effective tensile strength of the concrete's contribution (σ c ) versus rebar's mean strain ( The curves show that the concrete's effective tensile strength has a linear elastic behavior before cracking. But after cracking, it has a descending branch that is call "
. At first, the descending branch has a steep slope due to the quick occurrence of but after reaching the steady state, it has a mild slope. Subsequently, the steel stress reaches the yield point in the cracks, but the specimen's mean strain and the steel cracking behavior of UHPC on the concrete members reinforced by steel rebar Fig. 6 The curve of the changes of the concrete's mean tensile stress versus the mean strain of the rebar A2 mean tensile stress versus the mean strain of the rebar A2 , the changes of the concrete's mean tensile stress are obtained in terms of the The application of the Equation is very important for nonlinear analysis of reinforced concrete structures by finite element method taking the smeared crack model into account. Using the Equation, a tension stiffening model can be obtained for the stress-strain curve behavior. The curve of the changes of rebar's mean strain (ε sm ) is
The curves show that the concrete's effective tensile strength has a linear elastic behavior "concrete's tension to the quick occurrence of but after reaching the steady state, it has a mild slope. Subsequently, , but the specimen's mean strain and the steel stress don't reach the yield point in the spacing of two cracks that is due to uniform bond stresses in the spacing. Increasing the slip, there is no bond between the concrete and the steel and the effective tensile strength of the concrete approaches zero. The mean strain of the specimen will be also equal to the yield point strain of the rebar. The strength of the curves obtained for specimens with different steel contents shows that at the beginning of the curve's descending branch, the effective tensile strength of the concrete's contribution for specimens with a low steel content is more than that of specimens with a high steel content. While after the stage of stability of crack, specimens with a low steel content have a lower tensile strength, because in this zone, the total tensile strength of reinforced concrete specimens is almost close to the bare steel strength and is similar for all specimens, and according to the inverse relation between stress and cross section and in similar force conditions, the tensile stress of the concrete's contribution is lower for specimens with a larger cross section (lower steel content).
Formulation of tensile behavior of ultra high performance concrete in reinforced concrete members with steel rebar
The curves in Figs. 6-7 show that the tensile behavior of ultra high performance concrete in reinforced concrete members under tension has two zones. The first zone is before cracking and the second zone is after cracking. For the reinforcement concrete specimens, before cracking in the reinforcement concrete, force divides between the concrete and reinforcement. Before cracking, Concrete contribution increases linearly until reaching the tensile strength of concrete (Eq. (5)).
After cracking, by increasing the number of cracks in concrete, concrete contribution of stress tolerance gradually decreases exponentially. The ratio of the stress and strain of concrete after cracking to the cracking stress and strain is presented by Eq. (6).
Hence, the following Equations can be presented for tensile behavior of ultra high performance concrete in reinforced concrete members Before cracking In these Equations, σ c t is the tensile stress of cracking and ε c t is its equivalent strain.σ c and ε c are also the concrete's stress and strain, respectively. The parameters α and β are also obtained based on the results of experiments on the specimens for different reinforcement ratios (ρ) and thickness covers to diameter rebars ratios (c/d) that are shown in Figs. 8 to 11. Figs. 8-9 show that increasing the reinforcement ratio (ρ), the parameters α and β decrease and for the rebar A3, their values are less than those for the rebar A2 that is due to the higher modulus of elasticity and strength of the rebar A3 compared to the rebar the effect of the change in the rebar type is lower on the parameter β. According to the parameters α and β in the show that increasing the reinforcement ratio, the Figs. 10-11 show that increasing the reinforcement ratio (c/d), the parameters α and β increase and for the rebar A3, their values are less than those for the rebar A2 that is due to the higher modulus of elasticity and strength of the rebar A3 compared to the reba the effect of the change in the rebar type is lower on the parameter β, while the effect is lower parameter α for lower ratios. Fig. 8 The curve of the changes of β in terms of the Fig. 9 The curve of the changes of α in terms of the reinforcement ratio (ρ) 9 show that increasing the reinforcement ratio (ρ), the parameters α and β decrease and for the rebar A3, their values are less than those for the rebar A2 that is due to the higher modulus of elasticity and strength of the rebar A3 compared to the rebar A2. For high reinforcement ratios, rebar type is lower on the parameter β. According to the parameters α and β in the Eq. (6), the changes of these parameters in terms of ρ show that increasing the reinforcement ratio, the tension stiffening effect decreases. 11 show that increasing the reinforcement ratio (c/d), the parameters α and β increase and for the rebar A3, their values are less than those for the rebar A2 that is due to the higher modulus of elasticity and strength of the rebar A3 compared to the rebar A2. For high c/d ratios, the effect of the change in the rebar type is lower on the parameter β, while the effect is lower cracking behavior of UHPC on the concrete members reinforced by steel rebar Fig. 9 The curve of the changes of α in terms of the 9 show that increasing the reinforcement ratio (ρ), the parameters α and β decrease and for the rebar A3, their values are less than those for the rebar A2 that is due to the higher modulus A2. For high reinforcement ratios, , the changes of these parameters in terms of ρ stiffening effect decreases. 11 show that increasing the reinforcement ratio (c/d), the parameters α and β increase and for the rebar A3, their values are less than those for the rebar A2 that is due to the higher r A2. For high c/d ratios, the effect of the change in the rebar type is lower on the parameter β, while the effect is lower on Fig. 12 The comparison of cracks of specimens with the rebar diameter In this section, the initial cracking force and the development range of cracks are presented for all specimens and finally, the spacing of cracks is compared for any specimen.
Analysis of cracks cracking behavior of UHPC on the concrete members reinforced by steel rebar
For the specimen 100-12-A2, the first occurred for the forces 26, 27, 29, 30 and 37 kN in this specimen. The creation and development of cracks continued to the force range from 46 to 50 kN. The minimum and maximum spacing of cracks are 30 and 80 mm, respectively, and the mean spacing of cracks is 45 mm (see Fig. 12 ). The first crack occurred for the force 15 kN in the specimen 65 forces 17, 19, 20, 23 and 26 kN and the cracks opened in the force range fr mean spacing of cracks is 50 mm in this specimen. For the specimen 150 occurred suddenly for the force 39 kN. Subsequently, increasing the force to 48 kN, later cracks occurred. The creation and development stage of c specimen. In this specimen, the minimum and maximum spacing of cracks are 50 and 120 mm respectively. The mean spacing of cracks is 68 mm for this specimen. Fig. 13 The comparison of cracks of specimens According to Fig. 13 , the first crack occurred for the force 34 kN for the specimen 150 Other cracks occurred for the forces 44, 49, 51, 54 and 64 kN. The crack development and opening occurred for the force range from 70 to 78 kN and subsequently, crack was stable. The mean spacing of cracks is 58 mm, while minimum and maximum spacing of cracks are 36 and 80 mm, respectively. The distance between crack and edges of specimen is 80 mm. The occurred for the force 19.5 kN in the specimen 65 Fig. 12 The comparison of cracks of specimens with the rebar diameter 12 and the type A2 (forces in kgf)
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In this section, the initial cracking force and the development range of cracks are presented for all specimens and finally, the spacing of cracks is compared for any specimen.
A2, the first crack occurred for the force 24.6 kN. Other cracks occurred for the forces 26, 27, 29, 30 and 37 kN in this specimen. The creation and development of cracks continued to the force range from 46 to 50 kN. The minimum and maximum spacing of 80 mm, respectively, and the mean spacing of cracks is 45 mm (see Fig. 12 ). The first crack occurred for the force 15 kN in the specimen 65-12-A2 and later cracks occurred for the forces 17, 19, 20, 23 and 26 kN and the cracks opened in the force range from 40 to 47 kN. The mean spacing of cracks is 50 mm in this specimen. For the specimen 150-12 occurred suddenly for the force 39 kN. Subsequently, increasing the force to 48 kN, later cracks occurred. The creation and development stage of cracks continued to the force 52 kN in this specimen. In this specimen, the minimum and maximum spacing of cracks are 50 and 120 mm respectively. The mean spacing of cracks is 68 mm for this specimen. In this section, the initial cracking force and the development range of cracks are presented for crack occurred for the force 24.6 kN. Other cracks occurred for the forces 26, 27, 29, 30 and 37 kN in this specimen. The creation and development of cracks continued to the force range from 46 to 50 kN. The minimum and maximum spacing of 80 mm, respectively, and the mean spacing of cracks is 45 mm (see Fig. 12 ). The A2 and later cracks occurred for the om 40 to 47 kN. The 12-A2, some cracks occurred suddenly for the force 39 kN. Subsequently, increasing the force to 48 kN, later cracks racks continued to the force 52 kN in this specimen. In this specimen, the minimum and maximum spacing of cracks are 50 and 120 mm, with the rebar diameter 16 and the type A2 (forces in kgf) According to Fig. 13 , the first crack occurred for the force 34 kN for the specimen 150-16-A2. Other cracks occurred for the forces 44, 49, 51, 54 and 64 kN. The crack development and opening curred for the force range from 70 to 78 kN and subsequently, crack was stable. The mean spacing of cracks is 58 mm, while minimum and maximum spacing of cracks are 36 and 80 mm, respectively. The distance between crack and edges of specimen is 80 mm. The first crack A2 and later cracks occurred for the forces (Fig. 13 ). Fig. 13 shows that the first crack occurred for the axial force 24.8 kN for the specimen 100 Later cracks occurred for the forces 26, 31, 32 and 36 kN and kN. The cracks developed for the force range from 51 to 68 kN. The crack opening was well observed for the force 73 kN in this specimen. There was a longitudinal crack for the force 75 kN above the specimen between the s specimen. The minimum and maximum spacing of cracks are 60 and 85 mm, respectively, and the mean spacing of cracks is 72 mm in this specimen. For the specimen 65-12-A3, the first crack occurre development of cracks continued to the force 31 kN. The minimum and maximum spacing of cracks are 30 and 130 mm, respectively, and the mean spacing of cracks is 58 mm in this specimen. The initial cracking force developed up to the force 38 kN. The minimum and maximum spacing of cracks are 58 and 100 mm, respectively and the mean spacing of cracks is 74 mm in this specimen (Fig. 15) . For the specimen 65-16-A3, the first crack occurred for the force 18 kN. The creation and development of cracks continued to the force 50 kN, and a longitudinal crack branched from the last transverse crack above the specimen for the force 53 kN. In this specimen, the minimum and maxi spacing of cracks are 40 and 80 mm, respectively, and the mean spacing of cracks is 60 mm (Fig.  14) . Finally, the first crack occurred for developed up to the force 70 kN. The minimum and maximum sp cracking behavior of UHPC on the concrete members reinforced by steel rebar Fig. 14 The comparison of cracks of specimens with the rebar diameter 16 and the type A3 (forces in kgf) of specimens with the rebar diameter 12 and the type A3 (forces in kgf) 23, 26, 28, 35 and 40 kN. The cracks developed in the force range from 43 to 51 kN and a small longitudinal crack occurred for the force 60 kN along the specimen. The mean spacing 53 mm in this specimen, while the maximum spacing of cracks is 79 mm (Fig. 13) . Fig. 13 shows that the first crack occurred for the axial force 24.8 kN for the specimen 100 Later cracks occurred for the forces 26, 31, 32 and 36 kN and one crack occurred for the force 70 kN. The cracks developed for the force range from 51 to 68 kN. The crack opening was well observed for the force 73 kN in this specimen. There was a longitudinal crack for the force 75 kN above the specimen between the second and third cracks (one third above the specimen) along the specimen. The minimum and maximum spacing of cracks are 60 and 85 mm, respectively, and the mean spacing of cracks is 72 mm in this specimen.
A3, the first crack occurred for the force 17 kN and the creation and development of cracks continued to the force 31 kN. The minimum and maximum spacing of cracks are 30 and 130 mm, respectively, and the mean spacing of cracks is 58 mm in this specimen. The initial cracking force is 26 kN in the specimen 100-12-A3 and later cracks developed up to the force 38 kN. The minimum and maximum spacing of cracks are 58 and 100 mm, respectively and the mean spacing of cracks is 74 mm in this specimen (Fig. 15) . For the e first crack occurred for the force 18 kN. The creation and development of cracks continued to the force 50 kN, and a longitudinal crack branched from the last transverse crack above the specimen for the force 53 kN. In this specimen, the minimum and maxi spacing of cracks are 40 and 80 mm, respectively, and the mean spacing of cracks is 60 mm ( 23, 26, 28, 35 and 40 kN. The cracks developed in the force range from 43 to 51 kN and a small longitudinal crack occurred for the force 60 kN along the specimen. The mean spacing of cracks is 53 mm in this specimen, while the maximum spacing of cracks is 79 mm (Fig. 13) . Fig. 13 shows that the first crack occurred for the axial force 24.8 kN for the specimen 100-16-A2. one crack occurred for the force 70 kN. The cracks developed for the force range from 51 to 68 kN. The crack opening was well observed for the force 73 kN in this specimen. There was a longitudinal crack for the force 75 kN econd and third cracks (one third above the specimen) along the specimen. The minimum and maximum spacing of cracks are 60 and 85 mm, respectively, and the d for the force 17 kN and the creation and development of cracks continued to the force 31 kN. The minimum and maximum spacing of cracks are 30 and 130 mm, respectively, and the mean spacing of cracks is 58 mm in this A3 and later cracks developed up to the force 38 kN. The minimum and maximum spacing of cracks are 58 and 100 mm, respectively and the mean spacing of cracks is 74 mm in this specimen (Fig. 15) . For the e first crack occurred for the force 18 kN. The creation and development of cracks continued to the force 50 kN, and a longitudinal crack branched from the last transverse crack above the specimen for the force 53 kN. In this specimen, the minimum and maximum spacing of cracks are 40 and 80 mm, respectively, and the mean spacing of cracks is 60 mm (Fig. the force 27 kN for the specimen 100-16-A3.The cracks acing of cracks are 50 and 125 mm, respectively, and the mean spacing of cracks is 79 mm in this specimen. To examine better, the results of the cracks analysis are presented in Table 5 that include the initial cracking force and the mean spacing of cracks. The study of the crack behavior in the specimens being tested shows that increasing the concrete cover thickness on rebars, the initial cracking force increases in all specimens. In specimens with similar diameter, the increase in rebar diameter that leads to the increase in the reinforcement percent of the specimen increases its initial cracking force. On the other hand, the change in the rebar type has slightly affected the initial cracking force in specimens with similar diameter. Also, increasing the concrete cover thickness on rebars, the mean spacing of cracks has increased and the number of cracks has decreased. The increase in the reinforcement percent (increase of rebar diameter) for specimens with similar diameter resulted in the increase in the mean spacing of cracks. Although the modulus of elasticity of both types of rebar A2 and A3 is not largely different, the change in the rebar type in similar specimens has slightly increased the mean spacing of cracks.
Conclusions
In this research, the tension stiffening effect of ultra high performance concrete on the behavior of the concrete members reinforced by steel rebar was studied. The research was conducted by tensile test of 12 ultra high performance concrete specimens with circular cross section and the length 850 mm reinforced by a rebar at the center of specimen. The displacement speed of the tension jack was taken as 0.7 mm/min and the displacements and forces exerted on the specimen were recorded at any moment. According to the data obtained from experiments, the following results were obtained:
• According to the experimental results and curves related to the tension stiffening effect, it can be concluded that the presented experimental technique directly evaluates the tension stiffening effect of ultra high performance concrete on the concrete members reinforced by steel rebar and is more suitable than other indirect procedures.
• Before the stage of crack formation, the initial stiffness ratio of specimens presents a good analysis of the tension stiffening effect. The ratio largely depends on the concrete specimen's reinforcement percent, and increasing the reinforcement ratio (ρ), the ratio decreases. Also for similar specimens, the ratio for the rebars A2 is more than the rebars A3, showing the increase in the concrete stiffening effect.
• For specimens with different steel contents at the beginning of the descending branch of the curve, the effective tensile strength of the concrete's contribution is more than the specimens with a high steel content for those with a low steel content. However, after the cracks were stable, specimens with a low steel content had a lower tensile strength, because in this zone, the tensile strength of reinforced concrete specimens is almost close to the bare steel strength and is similar for all specimens.
• Increasing the reinforcement ratio (ρ), the parameters α and β decrease and for the rebar A3, their values are less than those for the rebar A2 that is due to the higher modulus of elasticity and strength of the rebar A3 compared to the rebar A2. For high reinforcement ratios, the effect of the change in the rebar type is lower on the parameter β. According to the parameters α and β in the Equations presented, the changes of both parameters in terms of ρ show that the increasing the reinforcement ratio, the tension stiffening effect decreases.
• In crack stability stage, the mean spacing of cracks is less than the specimens of the rebar A3 for those of the rebar A2. Hence, the number of cracks is more than the specimens of the rebar A3 for those of the rebar A2 that results more decrease of the tension stiffening effect in these specimens. As the increase of c/d ratio increased the initial stiffness, the force required for the beginning of the cracking stage has also increased.
